Hepatitis B virus (HBV) reactivation in the setting of rituximab use is a potentially fatal but preventable safety event. The rate of HBV screening and proportion of patients at risk who receive antiviral prophylaxis in patients initiating rituximab is unknown.
Introduction
The availability of electronic health record (EHR) data provides new and important opportunities to examine patient safety by allowing us to identify patients at-risk for safety issues, to understand clinical reasoning process errors, and to investigate outcomes of patients with adverse events. However, this potential to employ EHR data to enhance patient safety has to date been underutilized. [1] In this study, we use the full spectrum of EHR data-including traditional structured fields along with laboratory results and clinical note narrative text-to understand a common patient safety failure, missed laboratory testing before initiation of a high-risk medication. Missed laboratory testing is known to contribute to adverse drug events and lead to significant patient harm. [2, 3] We chose to focus on screening and prophylaxis for hepatitis B virus (HBV) reactivation among patients receiving a high-risk immunosuppressant medication, rituximab, because there is evidence to support screening and prophylaxis for HBV before drug initiation; rituximab has clinical applications in many different specialties; and severe harm is possible for patients who do not receive appropriate screening or prophylaxis for HBV.
The manufacturer of rituximab, the FDA, the CDC, the American Society of Clinical Oncology, and others recommend screening and prophylaxis for HBV before initiation of rituximab. [4] [5] [6] [7] [8] [9] [10] [11] Recent studies have reported a higher than expected rate of HBV reactivation among immunosuppressed patients, in particular those receiving rituximab. [12] [13] [14] [15] [16] There is evidence supporting the use of antiviral prophylaxis among patients known to be at risk for HBV reactivation. However, only a few studies have examined practice patterns around HBV screening before rituximab use, [21] [22] [23] antiviral prophylaxis among patients at risk for reactivation, or adverse events among those with gaps in care.
In this study, we used data generated from the EHRs of 2 large healthcare systems affiliated with an academic institution, serving almost 1 million patients, to evaluate screening and prophylaxis patterns for HBV among recent users of rituximab, as well as clinical outcomes among these patients.
Methods

Data sources
Data derive from the EHR of 2 health systems. The first is a tertiary care referral university health center with over 750,000 outpatient visits per year that uses an Epic EHR. The catchment area is large, and includes much of northern California. Many patients are referred from the community for tertiary care including bone marrow transplants, solid organ transplants, and care for immune system disorders requiring the use of rituximab. The second is an urban safety-net health system that has almost 600,000 outpatient visits per year and uses eClinicalWorks as its ambulatory EHR. The catchment area is restricted to residents of a single county; the majority of patients receive integrated care within the safety net system, including on-site lab testing.
For both healthcare systems, all EHR data were available for analysis including demographics, diagnosis grouper codes, problem lists, medications, laboratory studies, procedures, clinical encounter notes, and scanned documents. Because we were interested in determining the feasibility of automated extraction of patient safety errors, variables were initially extracted electronically via back-end access to the EHR data warehouses, using structured fields and text string searches of clinical notes. Following the automated data extraction, a chart review by 2 physicians (GS and JY) was performed to ensure the validity of all extracted variables. In addition, all charts were reviewed to confirm the following variables: clinical indication for rituximab other than lymphoma; absence of any documented HBV screening; positive HBV screening results.
Study population
We defined a cohort of rituximab users from each site. Eligible patients had at least 1 encounter (inpatient or outpatient) after June 2012, the date on which the EHR was implemented ("golive" date; N = 740,430 at university and 214,458 at safety net). We identified an index date as the date of the first completed rituximab infusion after go-live (see Appendix 1, http://links.lww. com/MD/B630). Patients were included in the study if they had at least 2 inpatient or face-to-face ambulatory encounters during the 12 months before the index date and at least one encounter 30 days after the index date. Because some patients may have received rituximab before "go-live," this cohort contained both incident and prevalent users.
Outcomes
We examined 3 outcomes. First, we calculated the proportion of rituximab users who received adequate screening for HBV. Adequate screening was defined according to the drug manufacturer's recommendations for detecting latent HBV infection, [4] that is, as having had a HBV surface antigen (HBsAg) and a HBV core antibody (anti-HBc) test result documented at any time before the index date. If laboratory results were not found in structured fields, we searched for results within the text of clinical notes or in scanned documents with results from outside facilities.
Second, among the patients at risk for HBV reactivation, we calculated the proportion of patients prescribed antiviral prophylaxis by 30 days after the index date. We stratified patients according to their risk for reactivation-patients with "chronic HBV infection" (HBsAg-positive, HBcAb (IgG)-positive, HBsAb-negative, and variable HBV DNA), who have a higher risk for reactivation, versus patients with "resolved/ cleared HBV infection" (HBsAg negative, HBcAb (IgG) positive, variable HBsAb, and HBV DNA negative), who have an elevated but lower risk for reactivation. [24] Drugs that qualified for antiviral prophylaxis included lamivudine, entecavir, interferon alfa-2B, adefovir, telbicudine, and tenfovir.
Finally, we confirmed all potential HBV reactivation events via a chart review among patients who received rituximab and had a positive HBsAg, HBcAb, or HBV DNA at any time.
Covariates
Demographic information including age, sex, and race was extracted from the EHR. Number of outpatient visits in the 180 days before the index date was computed as a measure of healthcare utilization. To identify comorbidities, we extracted diagnoses from encounters, problem lists, invoices, claims, hospital accounts, hospital admissions, and surgical cases at any time leading up to the index date. A modified Charlson score was calculated according to the Deyo protocol. [25] Because of limitations in EHR access, complete assessment of comorbid conditions was not possible in the safety net health system. Ordering clinic was defined by the specialty of the ordering supervising physician for rituximab. Drug administration setting could be inpatient or outpatient. Primary diagnosis requiring rituximab was extracted from the index rituximab infusion order or from the corresponding clinical notes. We assessed oral glucocorticoid use from 30 days before to 30 days after the index date-patients were defined as users if they had a prescription for >14 days during this period. The same window was used to assess use of additional immunosuppressive agents, including antineoplastic or disease-modifying agents (see Appendix 2, http://links.lww.com/MD/B630 for list of included drugs). Because receipt of intravenous immunoglobulin (IVIG) can cause false-positive antibody titers for up to 3 months, we assessed its use in the 90 days leading up to the index date among patients with positive anti-HBc. [26] 
Medical record review of patient safety events
We performed a chart review to identify reasons why patients at known risk for HBV reactivation did not receive antiviral prophylaxis. Two physicians reviewed the entire EHR for these patients (N = 32). Reasons for patient safety failures were coded and compared; any discrepancies were resolved by consensus.
Sensitivity analyses
We conducted additional analyses on a sample restricted to patients with an index date at least 1 year after go-live. This approach eliminated prevalent users from the sample, who might plausibly have less documentation of screening tests; and mitigated the possible effects of a new EHR reducing complete documentation and ordering. [27] Schmajuk et al. 
Statistical analysis
Because of inherent differences between the study samples from the university vs. safety net health system, analyses were kept separate. We used Chi-squared or t tests to compare baseline characteristics between patients who received adequate HBV testing and those who did not. We used relative risk regression models to identify independent predictors of inadequate testing. [28] Variables included in the models were decided a priori and based on previously reported predictors of risk for HBV that may have influenced providers' decisions to test. [29, 30] All variables included in the models were tested for noncolinearity.
The study was approved by the Committee on Human Research at the University of California, San Francisco.
Results
Nine hundred twenty-six patients from the university and 132 from the safety net health system received rituximab during the study period. About half of the patients at each site were women. Pediatric patients were seen exclusively at the university. University patients were mostly white; safety-net patients were diverse with 30% Asian, 19% Hispanic, and 18% AfricanAmerican patients. Both sites had oncologists as the most common prescribers of rituximab for a primary diagnosis of lymphoma or other malignancies. Additional characteristics of the patients are shown in Table 1 .
At the university, 565 (61%) patients had adequate HBV screening before the index date and 214 (23%) had no HBV test documented, compared to 119 (90%) and 3 (2%), respectively, in the safety net system. Specific patterns of HBV tests are listed in Table 2 . In a sensitivity analysis which excluded patients with an index date the first year of after go-live, results were similar: 19% of 646 patients at the university, and 3% of 117 patients in the safety net system did not have any HBV test documented.
We examined correlates of inadequate screening at the university, where there was sufficient power to perform such analysis. In the bivariate analysis, we found that non-Asian race, lower Charlson score, fewer outpatient visits, lack of glucocorticoid use, lack of IVIG use, earlier index year, outpatient start, and nonnephrology (kidney transplant) ordering clinics were all Table 3 describes the proportion of patients known to be at risk for HBV reactivation who were prescribed antiviral prophylaxis by 30 days after the rituximab index date. At the university, 92 patients were confirmed to be at risk for HBV reactivation; 61 (66%) received prescriptions for antiviral prophylaxis. In the safety net, 39 patients were at risk; 36 of these (92%) received prophylaxis. In both systems, patients with chronic infection, who are at highest risk for reactivation, were most likely to receive prophylaxis (92% and 100% at the university and safety net, respectively). The most common antiviral drugs used for HBV prophylaxis were entecavir, lamivudine, and tenofivir (accounting for 66%, 14%, and 5% respectively at the university and 11%, 64%, and 25% respectively at the safety net hospital).
Through chart review, we explored reasons why patients with a positive HBsAg or anti-HBc were not provided prophylaxis. Out of 34 patients (31 from the university, and 3 from the safety net), in 11 (32%) a positive HBV result was not acknowledged by the provider; in 7 (21%), a positive result was acknowledged but misinterpreted; in 2 (6%) the provider intended to start the antiviral but this was not done; in 11 (32%) the positive HBV test was assumed to be a false positive related to IVIG use, but never rechecked; in 1 (3%) the test was later confirmed to be negative; and in 2 (6%) the reasons were unknown.
Finally, Table 4 contains clinical vignettes describing the 3 rituximab users in our sample who experienced reactivation of HBV at any time during the study period.
Discussion
In this study, we found that patient safety errors were relatively common for patients receiving rituximab. A significant proportion of patients were exposed to unnecessary risks (based on documented positive HBV test results but no receipt of antiviral prophylaxis), or had no HBV tests documented in the EHR and were thus potentially at risk for HBV reactivation. Rituximab is just one example of the growing number of high-risk specialty medications, including immunosuppressants, anticoagulants, and others, where missed testing can result in serious or even fatal adverse events. Our findings from the university health system are consistent with prior reports of suboptimal hepatitis B screening among immunosuppressed patients. Reports of HBV screening in rituximab-receiving patients range from 4% to 69%. [21] [22] [23] 29] Studies looking at a broader range of immunosuppressants reported HBV screening rates of 6% to 62%, with wide variations according to ordering clinic. [30] [31] [32] [33] [34] As described in other settings, we also found patients seen by nephrologists and kidney transplant patients to have the highest probability of adequate screening. [30] We found that patients in the safety net health system were more likely to have documentation of adequate screening for Table 3 Antiviral prophylaxis for patients receiving rituximab and at risk for reactivation of hepatitis B, N (%).
University
Safety net HBV before rituximab compared to patients at the university, despite the fact that many of the same physicians practice in both health systems evaluated in this study. This suggests that healthsystem factors clearly play a pivotal role in patient safety processes and outcomes. This difference may reflect the fact that office visits, hospital stays, and laboratory tests are all part of an integrated safety net system. Moreover, there appear to be a greater proportion of patients in the safety net with latent HBV infection, which could lead to increased provider awareness of this issue, or other systematic approaches to screening, such as use of preadministration safety checklists (in use at the safety net's infusion center, but not at the university's during the study period). Because care at the university (a tertiary care center) can be fragmented and EHRs may not be interoperable, providers at the university may assume screening laboratory studies were done at an outside hospital while providers referring from the community may assume these tests were performed at the university. [35] These findings suggest that improvements in workflows and EHR systems need to occur and be studied in tandem. [36] This study sheds light on the feasibility of automatically extracting actionable patient safety information from EHRs. Although automatic extraction of data within the EHR holds great promise in this area, understanding safety errors and resulting adverse events is a complex task that requires detailed clinical and operational knowledge. In the case of rituximab and HBV testing, automated data extraction without chart review would have misrepresented a significant portion of the actual care provided; similar issues have been reported in other studies of automatically extracted quality measures. [37, 38] As payers' reliance on such automation increases, accurate reporting may need to rely on strategies such as collection of critical data elements in structured fields, or the development of natural language processing methods for extraction of unstructured data from clinical notes.
What can be done to increase HBV testing rates for patients receiving rituximab? First, provider knowledge around adequate testing for HBV in the setting of immunosuppression has been reported to be poor, suggesting a role for educational initiatives. [39] [40] [41] [42] [43] Health IT solutions can also be helpful in missed tests and results management. [44] Systems solutions could include the use of clinical decision support at the time the rituximab is ordered or administered. [45] However, the complexity of clinical reasoning and differing clinical workflows across clinics make automated extraction of data for use in clinical decision support or rapid cycle quality improvement challenging. For example, we observed a meaningful number of patients who received IVIG around the time of rituximab infusion, which resulted in false-positive anti-HBc tests. A naïve decision support tool would alert these providers for not prescribing antiviral prophylaxis, when they were in fact taking a prudent approach to spare patients the use of unnecessary medications. Our assessment of factors associated with adequate HBV screening suggests that patients with a larger number of medical issues (higher Charlson scores, receiving glucocorticoids) are less likely to receive adequate screening. This is consistent with some prior literature suggesting that more complex patients receive lower quality care. [46] This study has several limitations. Because we report on 2 healthcare systems affiliated with an academic institution, our results may not be generalizable to other healthcare systems or populations. The relatively high rates of positive HBV tests in these populations may make providers more likely to screen for hepatitis B and more comfortable in prescribing antiviral prophylaxis compared to providers at other institutions. We did not examine patients who received care at these institutions but who were administered rituximab elsewhere, and cannot rule out that these patients may have had differential risk for inadequate HBV screening. Nevertheless, to our knowledge, this is the largest and most diverse cohort of rituximab users reported in the literature.
In conclusion, in this case study of HBV screening in the setting of rituximab use we demonstrated wide practice variation, unnecessary patient safety risks, and patient safety failures resulting in harm. Standardization of pre-prescribing workflows and use of order sets, checklists, and clinical decision support are increasingly possible with EHRs, and more investment in this area is justified.
